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Bitter rot of apples (Malus domestica Borkh.), caused by Glomerella cingulata (Ston.) Spauld. & Schrenk, is a destructive disease in orchards of the southeastern United States; it occurs in the midsummer during periods of high temperature and rainfall (6, 8) . Temperatures greater than 21 C and free moisture are necessary for the development of bitter rot (2,3). When w e a t h e r c o n d i t i o n s a r e o p t i m a l , t h e disease may cause losses u p to 80% in unsprayed orchards, but in other years when conditions are not appropriate, losses may be less than 1% (8) .
Many cover sprays (five to seven per summer) are required t o control bitter rot in Georgia (7) . The objective of this study w a s t o d e t e r m i n e t h e r e l a t i o n s h i p of Portion of a thesis submitted by the senior author in partial fulfillment of the requirements for an M.S. Thirty apples were incubated at each of the following temperatures: 22,26,28,30, and 34 C. An additional 10 uninoculated apples were incubated at each temperature as controls.
The number of lesions and total lesion area (> 1 mm2) were determined for each apple a t each temperature 12, 15, and 18 days after inoculation. Lesion area was transformed to logarithms for statistical analysis. A one-way analysis of variance was used and the means were separated with Duncan's multiple range test. At all three recording dates, more apples were infected a t 26 C t h a n at other temperatures ( Table 1 ). Eighteen days after inoculation the number of lesions p e r infected a p p l e w a s significantly greater a t 22 and 26 C than at 30 C.
RESULTS
The mean log lesion areas produced a t 30 C were significantly larger than those produced a t 22 a n d 26 C a t day 12 ( Table  1 ). The lesions produced a t 28 C were significantly larger than those produced a t 26 C. By d a y 18, however, there were n o significant differences a m o n g 26, 28, and 30 C.
DISCUSSION
There are different optimum temperatures for different aspects of the development of bitter rot lesions on apples. When the number of lesions per infected apple and mean log lesion area are considered together, the optimal temperature range for lesion development is 2 6 2 8 C. This is consistent with the optimum f o r growth of the fungus in vitro, which was also 26-28 C (5) . This optimum temperature range is lower than the reported optimum temperature of 32 C for the development of bitter rot in the field (1, 4) . Infection, as measured by percent of apples infected and lesions per infected apple, was favored at 26 C. However, 12 days after inoculation, lesion area was greater at 30 C. This rapid expansion is important in terms of the secondary spread of the pathogen, which is accomplished by means of conidia (Colietotrichum gloeosporioides Von Arx.) vroduced in acervuli on the surface of iesions (1,4) . Lesions produced at higher temperatures would produce a more abundant source of inoculum. Cooler temperatures, such as may be expected during rainfall, would be necessary to optimize conditions for infection and to complete the secondary cycle.
An apple with one bitter rot lesion would not be marketable. Because more than two-thirds of the apples inoculated at 22, 26, and 28 C were infected, there would be little difference in the economic losses a t these temperatures. However, the more rapid development of lesions at the higher temperatures would enhance secondary spread of inoculum a n d provide more rapid disease development.
